Kaposi's sarcoma-associated herpesvirus (KSHV), also known as human herpesvirus 8, was originally isolated from KS tissues by representational difference analysis (10) . KSHV has been linked to the development of KS (16, 20, 31) as well as the lymphoproliferative disorders primary effusion lymphoma and multicentric Castleman's disease (7, 8) . Based on sequence information, KSHV has been classified in the gamma subfamily of herpesviruses and is closely related to rhesus monkey rhadinovirus, herpesvirus saimiri (HVS), and murine herpesvirus 68 (1, 2, 44) .
At the far left end of its genome, KSHV encodes a 46-kDa transmembrane glycoprotein known as K1 (21) . Its position is equivalent to that of the saimiri transformation-associated protein (STP) of HVS (32) and the R1 gene of rhesus monkey rhadinovirus (12) . Previous research has shown that HVS STP is essential for the immortalization of primary T lymphocytes and for the development of lymphomas in marmosets (13) . Expression of K1 has been shown to induce focus formation and morphological changes in Rat-1 fibroblasts, indicative of its ability to transform cells (26) . K1 can also functionally substitute for the STP gene in the context of HVS to immortalize common marmoset lymphocytes to interleukin-2-independent proliferation to induce lymphomas in vivo (26) , promoting speculation that it performs a similar role as STP in KSHV-associated lymphoproliferative disorders.
K1 is a type 1 transmembrane glycoprotein. The cytoplasmic tail contains an immunoreceptor tyrosine-based activation motif (25) . K1, as well as R1, has been shown to initiate signaling pathways in B cells which result in the tyrosine phosphorylation of cellular proteins, mobilization of intracellular calcium, and the activation of transcription factors such as NFAT and AP-1 (11, 23, 25) . K1 has also been shown to downregulate B-cell receptor complex expression in the plasma membrane (24) . The amino terminus of K1 interacts with chains of B-cell receptor complexes to retain them in the endoplasmic reticulum, and this implies a role for K1 in the survival of KSHV-infected cells (24) .
Given the signaling capabilities of K1, Samaniego et al. tested it for a role in mediating paracrine activation of endothelial cells and found that cells expressing K1 showed increased NF-B-dependent promoter activity (39) . NF-B is responsible for activating a number of inflammatory responses. K1 may therefore activate uninfected endothelial cells in a paracrine manner through the activation of NF-B-dependent promoters and secretion of inflammatory cytokines (39) .
As a herpesvirus, KSHV can maintain its genome in an episome and remain latent until reactivated. Such reactivation is dependent on the transcriptional activator KSHV Orf50/Rta, since dominant-negative Orf50 mutants inhibit reactivation in BCBL-1 (body cavity-based lymphoma 1) cells (27, 28) . A cycle of lytic viral replication can also be artificially induced by the addition of the phorbol esters 12-O-tetradecanoylphorbol-13-acetate (TPA) and n-butyrate (30, 37) .
Present evidence suggests that K1 is a lytic protein. Lagunoff and Ganem demonstrated the expression of a 1.3-kb transcript when BCBL-1 cells were induced with TPA (21) . Samaniego et al. have shown that a 1.3-and a 3-kb K1 transcript are expressed in uninduced BC-3 cells but that both transcripts are upregulated in TPA-induced BC-3 cells (39) . In addition they observe that the K1 transcript is expressed in KS tumor cells (39) . Analysis of the KSHV transcriptional program during lytic reactivation in primary effusion lymphomas by Northern hybridization and microarrays (19, 34, 40) and real-time PCR analysis (14) indicated that K1 expression is upregulated during the lytic cycle. However, its pattern of expression was found to cluster with those of classically latent genes such as Orf73 (LANA), Orf72 (cyclin), and Orf71 (vFLIP) (14) . Taken together, these data suggest that K1 is clearly upregulated during the lytic cycle but that there is a possibility that very low amounts of K1 transcript may also be expressed during latency.
Recent data from Lagunoff et al. suggest that K1 may augment reactivation of KSHV from its latent state and play a role in lytic gene expression (22) . Expression of a dominant-negative mutant of K1 was shown to decrease lytic gene expression by as much as 80% (22) . The authors concluded that K1 plays a role in lytic replication but is not absolutely required.
In order to develop a better understanding of the expression and regulation of the K1 gene, we have attempted to identify the K1 promoter. At present, nothing is known about this promoter or the K1 transcriptional start site. Using 5Ј rapid amplification of cDNA ends (5Ј RACE), we have identified the transcription start site and confirmed it by RNase protection assays (RPAs). We have analyzed sequences upstream of this start site for their ability to activate a luciferase reporter construct. Since KSHV can infect human endothelial cells, B cells, epithelial cells, and foreskin fibroblasts (4-6, 15, 36, 43), we have confined our experiments to endothelial cells (SLK-KS Ϫ ), B cells (BJAB and BCBL-1), and epithelial cells (293). In addition, we have demonstrated the effects of the KSHV viral transcription factor Orf50/Rta (28, 41) and TPA induction on K1 promoter activity in all four cell types.
MATERIALS AND METHODS

RACE.
To define the transcription start site for the K1 gene, 5Ј RACE was performed with RNA isolated from KSHV-positive B cells treated with either TPA (25 ng/ml) or an equivalent volume of dimethyl sulfoxide (DMSO) (negative control) for 48 h. Total RNA was isolated by using the RNA STAT-60 kit (Tel-Test "B," Inc.), and mRNA was isolated from total RNA by using the mRNA STAT-30 kit (Tel-Test "B," Inc.). Reverse transcription and PCRs were carried out by using the Clontech SMART RACE kit in the absence or presence of reverse transcriptase. Amplified cDNAs were separated on a 2% agarose gel, isolated from the gel, and cloned into the pCR2.1-TOPO vector (Invitrogen TOPO cloning kit). The TOPO clones were transformed into DH5-␣ cells and were plated on Luria-Bertani plates containing ampicillin. Multiple TOPO colonies were picked and sequenced to identify the 5Ј end of the K1 transcript.
K1 promoter cloning. PCR primers were designed to amplify sequences upstream of the K1 gene of clade C KSHV. BCBL-1 genomic DNA was used as a source of KSHV template from which each K1 fragment was generated. A total of four K1 PCR fragments were generated and contain 25, 125, 225, and 325 nucleotides upstream of the K1 start site and includes 75 base pairs of the K1 5Ј untranslated region (UTR). SacI and XhoI restriction enzyme sites were engineered into each K1 primer set to permit insertion of the PCR-amplified fragment into the pGL2-Basic luciferase vector (Promega). The 25-and 125-bp promoter fragments were amplified by PCR with Pfu polymerase under the following conditions: 94°C for 2 min; 35 cycles of 94°C for 1 min, 55°C for 1 min, and 72°C for 3 min; and a final incubation at 72°C for 2 min. Due to high guanine-cytosine content in the larger-sized fragments, the remaining two promoter sequences were amplified with the Advantage-GC genomic PCR system (Clontech) and the Eppendorf Mastercycler gradient thermal cycler. Amplification conditions were as follows: 95°C for 1 min, 35 cycles of 94°C for 30 s and 68°C for 3 min, and finally 68°C for 3 min with KSHV genomic DNA from BCBL-1 cells as template.
The PCR-amplified K1 promoter DNA was cut with the restriction enzymes SacI and XhoI (New England Biolabs) and cloned into the SacI and XhoI sites of the pGL2-Basic vector. Constructs were verified by sequencing.
To clone the promoter region upstream of the K1 gene from BC-1 and BC-3 cells, the primer used to amplify the 325-nucleotide fragment was used in conjunction with a K1 internal primer to PCR amplify the fragment. The fragment was TOPO cloned and sequenced. Cell culture. KSHV-positive BCBL-1 cells and BJAB B cells were grown and maintained in RPMI medium 1640 (Gibco BRL) with L-glutamine and 10% fetal bovine serum (FBS) supplemented with penicillin (100 U/ml) and streptomycin (50 g/ml). 293 epithelial cells were grown in Dulbecco modified Eagle medium (DMEM) (Gibco BRL) with 10% FBS, Glutamax I, high glucose, 110 mg of sodium pyruvate/ml, and pyridoxine-HCl and supplemented with penicillin (100 U/ml) and streptomycin (50 g/ml). SLK-KS Ϫ , a KSHV-negative endothelial cell line, was grown in DMEM (Gibco BRL) with 10% FBS, Glutamax I, high glucose, 110 mg of sodium pyruvate/ml, and pyridoxine-HCl and supplemented with penicillin (100 U/ml) and streptomycin (50 g/ml). All cells were grown at 37°C with 5% carbon dioxide.
Transfections. Each of the following transfections was performed in duplicate, and each experiment was repeated at least five times.
Transfections of BCBL-1 and BJAB cells were performed with and without pcDNA3-Orf50 expression plasmid and with and without TPA induction. For each transfection, 1 ϫ 10 6 to 5 ϫ 10 6 cells were added to 0.4-cm-gap cuvettes in a total volume of 400 l of RPMI 1640 (no serum or antibiotics) along with the specified amounts of DNA to be transfected. Orf50 transfections were carried out with 15 g of K1 promoter plasmid, 15 g of Orf50 expression plasmid, and 2 g of a ␤-galactosidase reporter construct. As a negative control, 15 g of pcDNA3 vector was transfected with 15 g of each construct and 2 g of the ␤-galactosidase reporter construct. The cells were electroporated at 300 V and 950 F and then left at room temperature for 15 min to recover. The electroporated cells were added to separate wells on 12-well plates containing 4 ml of RPMI medium with 10% FBS, penicillin, and streptomycin and were incubated at 37°C with 5% CO 2 for 48 h. At 48 h, the cells were lysed in 200 l of Promega reporter lysis buffer and were used for luciferase and ␤-galactosidase assays.
To determine the effects of TPA induction on K1 promoter activity, BCBL-1 and BJAB cells were transfected with each of the constructs as described above. The electroporated cells were then treated with 25 ng of TPA/ml (or an equivalent volume of DMSO as a negative control). The cells were incubated for 48 h at 37°C with 5% CO 2 and were lysed in 200 l of Promega reporter lysis buffer for use in luciferase and ␤-galactosidase assays.
Transfections in 293 cells were done with Lipofectamine reagent (Gibco BRL). As with the BCBL-1 and BJAB experiments, transfections of 293 cells were designed to measure K1 promoter activity following cotransfection of an Orf50 expression plasmid and following treatment with TPA. Twenty-four hours prior to transfection, 5 ϫ 10 5 cells were seeded in six-well plates in DMEM containing 10% FBS, supplemented with penicillin and streptomycin. Cells were grown overnight at 37°C with 5% CO 2 . For the experiment with and without Orf50, 3 g of the appropriate K1 promoter construct, 2 g of Orf50 expression plasmid, and 1 g of ␤-galactosidase reporter construct were added to 500 l of DMEM (no serum and no penicillin or streptomycin) for each well. Ten microliters of Lipofectamine (Gibco-BRL) was used per transfection according to the manufacturer's protocol. Cells were washed once with phosphate-buffered saline prior to addition of the transfection solution. Plates were incubated overnight at 37°C with 5% CO 2 . Twelve hours posttransfection, 1.5 ml of DMEM containing 20% FBS and 2ϫ penicillin-streptomycin was added to each well. Cells were further incubated for 36 h at 37°C with 5% CO 2 . Forty-eight hours posttransfection, cells were harvested and lysed in 200 l of Promega lysis buffer. For the experiment with and without TPA, a similar transfection protocol was used with either 25 ng of TPA/ml or an equivalent volume of DMSO (negative control). Cells were harvested and lysed as described above.
SLK-KS Ϫ transfections were performed with the Superfect transfection reagent (Qiagen). A total of 5 ϫ 10 5 cells were plated 12 h prior to transfection and grown at 37°C with 5% CO 2 in DMEM with 10% FBS, penicillin, and streptomycin. For the Orf50 cotransfection experiments, cells were transfected with 2 g of K1 promoter construct, 3 g of Orf50 expression plasmid or pcDNA3 vector, 1 g of ␤-galactosidase, and 7.5 l of Superfect per the manufacturer's protocol. Twelve hours posttransfection the transfection medium was replaced with fresh complete DMEM. Cells were harvested and lysed in 200 l of Promega reporter lysis buffer 48 h posttransfection. The experiment with and without TPA was performed in a similar manner as that described above.
RPA. BCBL-1 cells (5 ϫ 10 7 ) were transfected with 40 g of pcDNA3-Orf50 plasmid, using GenePorter 2 transfection reagent and diluent B (Gene Therapy Systems Inc.) according to the manufacturer's protocol. TPA was also added to a final concentration of 25 ng/ml. The cells were incubated at 37°C for 48 h, and RNA was isolated with the RNA STAT-60 kit (Tel-Test). RPAs were performed with the Ambion RPA III RPA kit. The Promega riboprobe in vitro transcription system was used to generate a K1 antisense probe for the RPA. The template VOL. 76, 2002 TRANSCRIPTIONAL REGULATION OF THE K1 GENE PRODUCT 12575 used in this reaction was a pSP72-K1 plasmid in which a 557-bp fragment, spanning 400 bp of the K1 promoter and including the first 157 bp of the K1 open reading frame, was inserted into the EcoRI site of pSP72. To make antisense probe, this plasmid was linearized with SmaI, gel isolated, and transcribed in vitro with T7 polymerase to generate a 429-bp antisense probe. The full-length probe was gel isolated on an 8% denaturing acrylamide gel. For the K1 RPA, 5 ϫ 10 5 cpm of gel-isolated probe per 100 g of total RNA of DMSO-treated or TPA-treated BCBL-1 cells was used. For the positive ␤-actin control, the manufacturer's protocol was followed exactly. Sequencing reactions were performed with pSP72 and a 32 P-end-labeled T7 primer by using the Epicentre Sequitherm cycle sequencing kit. Reactions were carried out in a thermocycler as described in the manufacturer's protocol. The X174/HinFI-digested marker from Promega was radiolabeled with [
32 P]dCTP and run on the same gel.
RESULTS
5 RACE and promoter analysis to identify the K1 transcription start site. Nothing is currently known about the start site of K1 transcription. The KSHV K1 gene is situated at the leftmost end of the viral genome and abuts the terminal repeats. Most of the KSHV genomes sequenced to date stop before the start of the terminal repeats due to the high GC content in this region (38) . Sequences entered into the National Center for Biotechnology Information GenBank database that include the K1 open reading frame also end shortly upstream of the K1 translation start site. Importantly, Lagunoff and Ganem have sequenced an approximately 800-bp fragment that includes the genomic termini of the BCBL-1 KSHV genome upstream of the K1 coding sequence and also includes the K1 open reading frame (21) . This sequence laid the foundation for our promoter studies since it contained the K1 open reading frame and was colinear with sequences upstream of the K1 translation start site. Mapping of the K1 transcription start site was an important first step toward identifying the K1 promoter element required for gene expression, and we utilized three different KSHV-positive B-cell lines, BCBL-1, BC-1, and BC-3, to identify the K1 promoter.
To identify the start site, a 5Ј RACE was performed. Total RNA was harvested from uninduced and TPA-induced KSHVpositive B cells. Poly(A) mRNA was isolated from total RNA, and reverse transcription was performed with an oligo(dT) primer to produce a cDNA copy of the mRNA transcripts. K1-specific primers were used in conjunction with the SMART RACE oligomer (Clontech) to PCR amplify a double-stranded DNA fragment encompassing the 5Ј end of the K1 transcript. The PCR products were separated on a 2% agarose gel and cloned into the pCR2.1-TOPO vector, and 20 colonies were picked for DNA sequencing. The K1 transcription initiation site (Fig. 1A , black arrow) was found to be 75 nucleotides upstream of the K1 translation start site (Fig. 1A, white arrow) , which corresponds to nucleotide position 29 of the BC-1 KSHV genome sequence (38) or nucleotide position 410 in the genomic termini of the BCBL-1 KSHV genome (21) .
As there was very little information available to us on the sequences directly upstream of the K1 open reading frame of the BC-1 and BC-3 KSHV viral genomes, we used PCR amplification to identify the putative K1 promoter element in these two viral genomes. Using primers based on upstream sequences in the genomic termini of the BCBL-1 KSHV genome (21) and primers within the K1 coding sequence, we amplified K1 promoter fragments from the BC-1 and BC-3 KSHV genomes as well. These upstream sequences from the BC-1, BC-3, and BCBL-1 genomes were aligned by using the Clustal W multiple sequence alignment program and are depicted in Fig. 1A . There is a weak TATA box located 25 bp upstream of the transcription start site which is indicated with an asterisk in Fig. 1A . The TATA elements and the transcription start sites are very well conserved in all three KSHV viral genomes. In addition, sequences 133 bp upstream of the K1 transcription start site were almost identical, and sequences farther upstream of this position were quite well conserved. Finally, we also performed an alignment of K1 coding and upstream sequences (clades A, B, C, and D) isolated from different regions of the world by Zong et al. (45) and Poole et al. (35) and our BC-1, BC-3, and BCBL-1 sequences and found that, once again, the transcription start site and TATA boxes were very well conserved in all sequences analyzed (Fig. 1B) . This is remarkable in light of the fact that this is a highly variable region of the KSHV genome and that the K1 gene is one of the most highly divergent genes among different isolates of KSHV. Sequence information farther upstream of the isolates shown in Fig. 1B was not available to us.
Analysis of the K1-specific transcript was also confirmed by RPA (Fig. 2) . BCBL-1 cells were induced with TPA or DMSO (negative control), and total cellular RNA was harvested 48 h later. Total RNA from TPA-treated or DMSO-treated cells was hybridized overnight to an antisense radiolabeled, gelpurified K1 riboprobe, and this was followed by an RPA performed with a mixture of RNase A and RNase T 1 . Lane 3 of Fig. 2 represents the undigested 429-bp K1 antisense riboprobe used in the RPA. Lanes 4 and 5 represent the 232-bp protected K1 transcript in DMSO-and TPA-treated BCBL-1 cells, respectively. A control ␤-actin RPA was also performed with an antisense ␤-actin riboprobe. Lane 1 represents the undigested 334-bp ␤-actin antisense riboprobe, and lane 2 represents the 250-bp protected ␤-actin transcript. The products of the RPA were run on an 8% denaturing acrylamide gel in parallel with a radiolabeled DNA marker (lanes marked M) and a sequencing ladder (lanes G, A, T, and C) to determine the size of the protected fragments. The arrow in Fig. 2 indicates the 232-bp protected fragment representing K1 transcripts in both DMSO-treated and TPA-treated BCBL-1 cells. The minor bands seen below the protected K1 fragment may represent RNA species with alternative transcription initiation sites. In order to determine expression of the K1 transcript in latent versus lytic KSHV-positive B cells, we also performed Northern hybridizations and reverse transcription-PCR assays with BCBL-1 cells either induced with 25 ng of TPA/ml or uninduced (DMSO) and found that cells treated with TPA showed a 1.3-and a 3-kb transcript (data not shown), similar to the findings of Samaniego et al. with BC-3 cells (39) . K1 transcripts were also seen in the uninduced lanes and could represent K1 transcription from the 5% of BCBL-1 cells undergoing spontaneous reactivation (9, 37) . Alternatively it is possible that there is minimal K1 expression in latent uninduced BCBL-1 cells, and further evidence is needed to address this issue. Figure 3A depicts the BCBL-1 promoter fragment that we used in our transcriptional studies. The promoter sequence was analyzed with the MatInspector program from Genomatix, and transcription factor binding sites for SP-1, AP-2, and MycMax are indicated. Based on the location of the K1 transcription start site, sequences 25, 125, 225, and 325 nucleotides upstream of this start site from the BCBL-1 KSHV genome were cloned upstream of a luciferase reporter gene (Fig. 3B) and were tested for their ability to drive expression of the luciferase gene. The constructs were named Ϫ25K1p, Ϫ125K1p, Ϫ225K1p, and Ϫ325K1p and included 75 base pairs of the K1 5Ј UTR (Fig. 3B) . We transfected these four constructs into cell lines that are tropic for KSHV: KSHV-positive (Epstein-Barr virus [EBV]-negative) BCBL-1 cells, KSHVand EBV-negative BJAB B cells, 293 kidney epithelial cells, and SLK-KS Ϫ KS tumor-derived endothelial cells. The promoter activity of each of the four promoter constructs was measured as luciferase activity in the four different cell lines. K1 promoter responsiveness to the immediate-early transactivator KSHV Orf50/Rta (28, 41) was also examined in these four cell lines.
K1 promoter activity in latently infected BCBL-1 cells. BCBL-1 is a B-cell line that is latently infected with KSHV (37). Renne et al. (37) showed a 50-to 70-fold induction of lytic transcripts upon addition of TPA, indicating that the virus was reactivated from latency. Transfections were performed in these cells to measure the activity of the K1 promoter in the context of a latent (ϪTPA, ϪOrf50) and lytic (ϩTPA, ϩOrf50) KSHV infection. Each transfection was performed in duplicate and repeated five times, and all transfections were normalized by using a ␤-galactosidase expression plasmid to control for transfection efficiency. Luciferase constructs con- taining segments of the putative K1 promoter (Fig. 3B) were cotransfected with or without an Orf50 expression plasmid or were transfected and then stimulated with TPA or DMSO as a negative control to mimic the KSHV lytic and latent states, respectively. Figure 4A represents the transcriptional activation seen with these constructs in untreated BCBL-1 cells. Promoter activity, which was measured by luciferase units for each of the plasmids, is represented as fold activation over the pGL2-Basic vector control. With the exception of the Ϫ25K1p promoter construct, the three other promoter constructs (Ϫ125K1p, Ϫ225K1p, and Ϫ325K1p) all showed significant activity (ϳ12-fold) over the pGL2-Basic vector, indicating that sequences as close as 125 nucleotides upstream of the K1 transcription start site are capable of functioning as a promoter element. Next we looked at the effect of Orf50, the key viral transcriptional activator of KSHV, on the K1 promoter fragments. Orf50 was expressed from a pcDNA3-Orf50 expression plasmid, and the fold activation for each promoter fragment was compared to that for a pcDNA3 vector control (Fig. 4B) . We observed that Orf50 could activate the Ϫ125K1p promoter fragment about ninefold. The larger promoter fragments, Ϫ225K1p and Ϫ325K1p, showed a slightly lower fold activation in the presence of Orf50 compared to the Ϫ125K1p fragment, suggesting the involvement of a repressor in these larger promoter elements. The same trend was seen when TPA was used to induce the transfected BCBL-1 cells into the lytic cycle (Fig. 4C ), the only difference being that the overall fold activations were lower than those seen with the Orf50 transactivator. This suggests that Orf50 is a much better activator of the KSHV lytic cycle and the K1 promoter than is TPA, and this is in concordance with previous findings (41) . In all three experiments, Ϫ25K1p had minimal activity regardless of the presence or absence of Orf50 or TPA. The Ϫ25K1p fragment contains only a weak TATA box, thus suggesting that it functions as a minimal promoter element and that transcription factor binding sites upstream of the TATA box are required for further activation. K1 promoter activation in KSHV-negative BJAB cells. BJAB is an EBV-negative and KSHV-negative B-cell line. BJAB cells were transfected with the same K1 promoter constructs described above (Fig. 3B ) and either cotransfected with an Orf50 expression plasmid or induced with TPA to measure K1 promoter activity in a KSHV-negative B-cell line. Transfections were performed in duplicate, repeated five times, and normalized with a ␤-galactosidase expression plasmid to control for transfection efficiency. Figure 5A represents the transcriptional activation seen with these constructs in untreated BJAB B lymphocytes. Promoter activity, which was measured by luciferase units for each of the plasmids, is represented as fold activation over the pGL2-Basic vector control. With the exception of the Ϫ25K1p promoter construct, the three other promoter constructs (Ϫ125K1p, Ϫ225K1p, and Ϫ325K1p) all showed significant activity over the pGL2-Basic vector (ϳ18-fold), indicating that sequences as close as 125 nucleotides upstream of the K1 transcription start site are capable of functioning as a promoter element in KSHV-negative B cells. This finding also indicates that the K1 promoter is active in B cells in the complete absence of any KSHV Orf50/Rta, a possibility that we could not rule out in the BCBL-1 cells due to the 2 to 5% rate of spontaneous reactivation seen in these cells.
Next we looked at the effect of Orf50 in activating the K1 promoter fragments. Orf50 was expressed from a pcDNA3-Orf50 expression plasmid, and the fold activation for each promoter fragment was compared to that of a pcDNA3 vector control (Fig. 5B) . We observed that Orf50 could activate the Ϫ25K1p promoter construct about eightfold over the pcDNA3 vector control and the Ϫ125K1p, Ϫ225K1p, and Ϫ325K1p
FIG. 4. Analysis of K1 promoter activity in BCBL-1 cells. (A) K1
promoter activity in the context of latent KSHV infection was measured by transfections of the K1 promoter constructs in BCBL-1 B cells. Transfection efficiencies were normalized by using a plasmid expressing ␤-galactosidase. Cells were left untreated and harvested 48 h posttransfection. Luciferase activity was measured for each construct and normalized to ␤-galactosidase activity. Activity of each promoter construct is represented as fold activation over the pGL2-Basic vector control. (B) Each of the K1 promoter constructs was cotransfected with a pcDNA3-Orf50 expression plasmid into BCBL-1 cells. Luciferase activities were measured and normalized as described above. Activity of each promoter construct is represented as fold activation over the pcDNA3 vector control. (C) The effects of TPA induction on the K1 promoter were tested by performing the same transfections described for panel A but treating cells with TPA to induce the KSHV lytic cycle or DMSO (negative control). Activity of each promoter construct is represented as fold activation over the DMSO control.
FIG. 5. Analysis of K1 promoter activity in BJAB cells. (A) K1
promoter activity in KSHV-negative B cells was measured by transfections of the four K1 promoter constructs into BJAB B cells. Transfection efficiencies were normalized by using a plasmid expressing ␤-galactosidase. Cells were left untreated and harvested 48 h posttransfection. Luciferase activity was measured for each construct and normalized to ␤-galactosidase activity. Activity of each promoter construct is represented as fold activation over the pGL2-Basic vector control. (B) Each of the K1 promoter constructs was cotransfected with a pcDNA3-Orf50 expression plasmid into BJAB cells. Luciferase activities were measured and normalized as described above. Activity of each promoter construct is represented as fold activation over the pcDNA3 vector control. (C) The effects of TPA induction on the K1 promoter were tested by performing the same transfections described for panel A but treating cells with TPA or DMSO (negative control). Activity of each promoter construct is represented as fold activation over the DMSO control.
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promoter fragments about 25-fold over the pcDNA3 vector control. TPA could not significantly activate the K1 promoter in KSHV-negative BJAB cells (Fig. 5C ), and this is probably due to the fact that there is no TPA-inducible endogenous Orf50 present in the BJAB cells to activate the K1 promoter. This suggests that KSHV Orf50, rather than TPA-induced cellular transcription factors, is responsible for K1 promoter activation in these cells. Interestingly, Lukac et al. have shown that KSHV Orf50 activates the delayed early promoters nut-1 and thymidine kinase (TK) or DNA binding protein (DBP) promoters 30-and 6-fold, respectively, in BJAB cells (27) . Our data demonstrate that KSHV Orf50 activates the K1 promoter about 20-to 25-fold in BJAB cells, which is within this range of fold activation seen with other early-delayed-early promoters and corresponds well with published evidence indicating that K1 is an early lytic gene product. K1 promoter activity in 293 epithelial cells. 293 epithelial cells have been previously shown to support KSHV infection in vitro (15, 36) . We transfected the four K1 constructs into these cells to measure K1 promoter activity (Fig. 6) . Each K1 promoter plasmid was transfected into 293 cells to test promoter activity when cotransfected with and without a pcDNA3-Orf50 expression plasmid or in the presence or absence of TPA and compared to a pcDNA3 vector control or DMSO-treated control, respectively. Each transfection was performed in duplicate repeated several times and normalized with a ␤-galactosidase expression plasmid to control for transfection efficiency. Figure 6A represents the transcriptional activation seen with these constructs in untreated 293 kidney epithelial cells. Promoter activity, which was measured by luciferase units for each of the plasmids, is represented as fold activation over the pGL2-Basic vector control. With the exception of the Ϫ25K1p promoter construct, the three other promoter constructs (Ϫ125K1p, Ϫ225K1p, and Ϫ325K1p) all showed significant activity, between 60-and 100-fold over the pGL2-Basic vector. This indicates that sequences 125 nucleotides upstream of the K1 transcription start site are capable of functioning as a promoter element for K1 transcription. Next we looked at the ability of Orf50 to activate the K1 promoter fragments in 293 cells. Orf50 was expressed from a pcDNA3-Orf50 expression plasmid, and the fold activation for each promoter fragment was compared to that for a pcDNA3 vector control (Fig. 6B) . We observed that Orf50 could activate all three promoter fragments between 9-and 13-fold over the pcDNA3 vector control. TPA activated the K1 promoter about fourfold (Fig.  6C) , which is much less than the activation seen with Orf50 and again suggests that Orf50 is a specific and significant activator of the K1 promoter.
K1 promoter activity in SLK-KS ؊ endothelial cells. SLK-KS
Ϫ is a KS tumor-derived endothelial cell line that has since lost the virus (18) . It was of particular interest to measure K1 promoter activity in these cells since KSHV can infect endothelial cells and KS lesions are comprised of a large number of infected endothelial cells. In addition, K1 has been shown to be expressed in KS lesions (39) . Each K1 construct was transfected into SLK-KS Ϫ cells to test promoter activity when cotransfected with or without an Orf50 expression plasmid and with or without TPA treatment. Each transfection was performed in duplicate repeated five times, and all transfections were normalized with a ␤-galactosidase expression plasmid to control for transfection efficiency. Figure 7A represents the transcriptional activation seen with these constructs in untreated SLK-KS Ϫ endothelial cells. Promoter activity, which was measured by luciferase units for each of the plasmids, is represented as fold activation over the pGL2-Basic vector control. With the exception of the Ϫ25K1p promoter construct, the three other promoter constructs (Ϫ125K1p, Ϫ225K1p, and Ϫ325K1p) all showed significant activity, between 20-and 35-fold over the pGL2-Basic vector. This indicates that sequences 125 nucleotides upstream of the K1 transcription start site are capable of functioning as a promoter element for K1 transcription. Next we looked at the ability of Orf50 to activate the K1 promoter fragments in endothelial cells. Orf50 was expressed from a pcDNA3-Orf50 expression plasmid, and the fold activation for each promoter FIG. 6 . Analysis of K1 promoter activity in 293 epithelial cells. (A) K1 promoter activity in 293 epithelial cells was measured by transfections of the K1 promoter constructs into these cells. Transfection efficiencies were normalized by using a plasmid expressing ␤-galactosidase. Cells were left untreated and harvested 48 h posttransfection. Luciferase activity was measured for each construct and normalized to ␤-galactosidase activity. Activity of each promoter construct is represented as fold activation over the pGL2-Basic vector control. (B) Each of the K1 promoter constructs was cotransfected with a pcDNA3-Orf50 expression plasmid into 293 cells. Luciferase activities were measured and normalized as described above. Activity of each promoter construct is represented as fold activation over the pcDNA3 vector control. (C) The effects of TPA induction on the K1 promoter were tested by performing the same transfections described for panel A but treating cells with TPA or DMSO (negative control). Activity of each promoter construct is represented as fold activation over the DMSO control.
fragment was compared to that for a pcDNA3 vector control (Fig. 7B) . We observed that, although the promoter fragments alone were active in these SLK-KS Ϫ cells, KSHV Orf50 could not significantly activate any of the K1 promoter fragments over the pcDNA3 vector control. This suggests that an essential cellular factor needed for Orf50 specific transactivation of the K1 promoter is absent in these cells compared to B cells and epithelial cells. Interestingly, Lukac et al. have previously shown that other delayed-early promoters like the nut-1, DBP, and TK promoters could be activated by Orf50 in these cells but that the DNA polymerase promoter could not (27) . Consistent with other cell lines that we tested, TPA only marginally activated the K1 promoter in the SLK-KS Ϫ endothelial cells. Our data suggest that the K1 promoter may be regulated differently in endothelial cells and that the activity of these promoter fragments may be regulated by cell-specific transcription factors.
DISCUSSION
In this study, we have mapped the transcription start site of the K1 viral gene and have also identified the K1 promoter element necessary for K1 gene expression. Although RNA isolated from TPA-induced and uninduced KSHV-positive B cells shows the presence of the K1 transcript (39) , it is possible that the K1 transcript seen in uninduced cells represents K1 lytic transcripts, due to the fact that 2 to 5% of latently infected BCBL-1 cells spontaneously undergo reactivation (36, 37) . Alternatively, it is also feasible that there is a small amount of K1 transcription occurring during latent infection. Although K1 is undoubtedly expressed and upregulated during the KSHV lytic cycle, there is a possibility that it may be expressed at low levels during latency similar to LMP1, its functional homolog in EBV (29, 42) . However, much more evidence will be needed to address this question.
Before detailed analysis of the K1 promoter could be performed, it was important to identify the start site of K1 transcription. 5Ј RACE was performed with K1 internal primers and revealed a major transcription start site 75 bp upstream of the translation start site (Fig. 1A) . These sequences upstream of the K1 gene were conserved quite well among three different isolates of KSHV from the BCBL-1, BC-1, and BC-3 cell lines. This is in marked contrast to the K1 gene, which is the most highly divergent gene in the viral genome among KSHV isolates around the world. This would suggest that the conserved sequences represent important cellular or viral transcription factor binding sites that are needed to regulate the expression of the K1 gene. The start site for K1 transcription was further confirmed by RNase protection since reverse transcriptase can be sensitive to RNA structure. Based on the transcriptional start site, we have identified a putative weak TATA box 25 bp upstream of the transcription start site. This TAATT motif has been seen upstream of cellular genes such as the UDP-glucuronosyltransferase gene (17) . In addition, available sequences from different K1 genes from the A, B, C, and D clades indicate that sequences from the weak TATA box to the K1 translation start site are well conserved, indicating that these sequences may play a key role in regulation of K1 gene expression. We confirmed our 5Ј-RACE results with an RPA. This assay also mapped the K1 transcriptional start site at a position 75 nucleotides upstream of the K1 translation start site. With these data we were then able to construct deletion mutants that contained segments of sequences upstream of the K1 gene to assay for K1 promoter activity.
The first construct (Ϫ25K1p) contained 25 nucleotides of the putative K1 promoter sequence and included the 5Ј UTR. In each cell line tested, Ϫ25K1p lacked significant promoter activity. In addition, this construct was unresponsive to KSHV Orf50 expression and TPA induction. The reasons for this inactivity may be due to the fact that this fragment contains only the putative TATA element with no upstream transcription factor binding sites. The element may be sufficient only for binding of the basal complex, TFIID, and may be inactive because it is isolated from its upstream sequence and is there- Ϫ cells. Transfection efficiencies were normalized by using a plasmid expressing ␤-galactosidase. Cells were left untreated and harvested 48 h posttransfection. Luciferase activity was measured for each construct and normalized to ␤-galactosidase activity. Activity of each promoter construct is represented as fold activation over the pGL2-Basic vector control. (B) Each of the K1 promoter constructs was cotransfected with a pcDNA3-Orf50 expression plasmid into SLK-KS Ϫ cells. Luciferase activities were measured and normalized as described above. Activity of each promoter construct is represented as fold activation over the pcDNA3 vector control. (C) The effects of TPA induction on the K1 promoter were tested by performing the same transfections described for panel A but treating cells with TPA or DMSO (negative control). Activity of each promoter construct is represented as fold activation over the DMSO control. (33) . Hence, it may be possible that the Ϫ25K1p promoter fragment is too small for TFIID to bind and initiate transcription. The Ϫ125K1p construct typically had the highest activity of the K1 constructs in all of the cell lines tested. This construct is 100 base pairs larger than the Ϫ25K1p fragment and would likely be large enough for the basal TFIID and RNA polymerase to form a transcription initiation complex on it. Also, the putative TATA box would be in its natural context in this construct. Sequence analysis showed that this fragment contains transcription factor binding sites such as SP-1 and NF-1 that are not present in the Ϫ25K1p fragment. It is important to note that the Ϫ125K1p promoter region is very well conserved in the three different KSHV viral genomes isolated from BC-1, BC-3, and BCBL-1 cells. This suggests that certain key cellular or viral transcription factors required for regulation and activation of the K1 promoter may interact with this region of the promoter. There was also significant activity observed with the Ϫ225K1p and Ϫ325K1p promoter fragments in all four cell lines tested but not more than that seen with the Ϫ125K1p fragment. Both of these constructs included the Ϫ125K1p promoter fragment, and thus this constitutes the minimal cis element necessary for K1 expression in untreated cells. Also, since the 293, BJAB, and SLK-KS Ϫ cells do not contain the KSHV genome or express KSHV Orf50, our data show that the K1 promoter is active in all these cell types in the absence of Orf50, a possibility that we could not rule out in the BCBL-1 cells due to the 2 to 5% rate of spontaneous reactivation seen in these cells.
Cotransfection of the KSHV Orf50/Rta expression plasmid increased promoter activity of the K1 constructs in both B-cell lines and 293 epithelial cells. Since K1 is expressed as an early gene during the KSHV lytic cycle (19, 34) , it is entirely feasible that the immediate-early transactivator Orf50 can activate the K1 promoter. Activation of the K1 promoter by KSHV Orf50 was 20-to 25-fold in BJAB cells, and this falls well within the range of Orf50's ability to activate other early-delayed-early promoters such as nut-1, TK, and DBP (27) . Interestingly, K1 promoter activation in BCBL-1 cells was generally lower than that seen in BJAB cells. Perhaps there is a factor or factors expressed during KSHV latency in the BCBL-1 cells that can bind the K1 promoter to repress or substantially reduce K1 promoter activity in these cells. TPA induction results in the reactivation of virus in BCBL-1 cells, causing it to undergo lytic replication through expression of the key lytic transactivator protein KSHV Orf50. Although the K1 constructs were activated by the addition of TPA in BCBL-1 cells, the fold activations are much lower than those seen with Orf50, indicating that KSHV Orf50 is a more potent transactivator of the KSHV lytic cycle than is TPA. TPA has been shown to be a general activator of gene transcription through the protein kinase C and AP-1 pathways (3, 46) .
Although the K1 promoter constructs were active in untreated SLK-KS Ϫ endothelial cells, addition of an Orf50 expression vector and TPA induction did not significantly increase promoter activity. These data are intriguing because they suggest that there are cell-specific transcription factors that augment Orf50's ability to transactivate the K1 promoter in B cells but not endothelial cells. Hence, the expression of K1 in endothelial cells may be regulated differently than in other cell types. Since the K1 transcript has been shown to be present in KS lesions (39) , it is possible that the K1 promoter is active in endothelial cells in the absence of Orf50 and that the presence of the viral transactivator does not significantly enhance or activate its expression over basal levels.
In this paper we have examined the regulation of K1 gene expression in four relevant cell types. The identification of a major transcription start site, a TATA box, and putative transcription factor binding sites is important because they represent fundamental elements needed for transcription. Furthermore, promoter-reporter gene constructs have been used to delineate the upstream promoter region of K1 and provide a framework on which subsequent studies may be based. There is likely a significant sequence contained in the Ϫ125K1p construct that is lacking in the Ϫ25K1p construct. This sequence may be important for the binding of viral and/or cellular transcription factors. Finally, we have also shown that the K1 promoter element is very responsive to the KSHV Orf50 transactivator protein in B cells and epithelial cells. The construction of additional deletion and substitution mutations in the K1 promoter will provide some insight into the nature of the Orf50-responsive sequence and will also be useful for determining specific cellular transcription factor binding sites in the K1 promoter.
